Hemolysin production, clumping (pheromone) response, transferability of the hemolytic trait, and drug resistance were examined in 97 clinical isolates of Enterococcus (Streptococcus) faecalis. The isolates were derived from various sources (i,e., urine, pus, vagina, sputum, bile, and blood), and approximately 60% were found to be hemolytic. About 85% of the hemolytic strains exhibited a clumping response, compared with about 49% of the nonhemolytic strains. Over 50% of the hemolytic strains carried transferable hemolysin determinants, and in no case were drug resistance genes linked. The hemolytic strains exhibited multiple drug resistance more frequently than did the nonhemolytic strains. In contrast to the high frequency of hemolysin producers among parenteral isolates, strains derived from fecal specimens of healthy individuals exhibited a low (17%) incidence of hemolysin production.
Hemolysin production, clumping (pheromone) response, transferability of the hemolytic trait, and drug resistance were examined in 97 clinical isolates of Enterococcus (Streptococcus) faecalis. The isolates were derived from various sources (i,e., urine, pus, vagina, sputum, bile, and blood), and approximately 60% were found to be hemolytic. About 85% of the hemolytic strains exhibited a clumping response, compared with about 49% of the nonhemolytic strains. Over 50% of the hemolytic strains carried transferable hemolysin determinants, and in no case were drug resistance genes linked. The hemolytic strains exhibited multiple drug resistance more frequently than did the nonhemolytic strains. In contrast to the high frequency of hemolysin producers among parenteral isolates, strains derived from fecal specimens of healthy individuals exhibited a low (17%) incidence of hemolysin production.
Hemolysin production is common among gram-positive and gram-negative bacteria; however, in most cases its role in virulence is not clear. There have been reports that urinary tract infections caused by Escherichia coli are more likely to involve hemolytic strains (7, 8, 20) . Enterococcus (Streptococcus) faecalis, a member of the normal intestinal flora, is frequently the causative agent of urinary tract infections and can be involved in other disease states such as endocarditis. E. faecalis subsp. zymogenes is distinguished from other E. faecalis strains by its production of a cytotoxin able to lyse human, rabbit, and horse erythrocytes. Strains producing this beta-hemolysin also produce a bacteriocin, and it is believed that the hemolysin and the bacteriocin are mediated by the same genetic determinant (1) (2) (3) 14) . In several beta-hemolytic E. faecalis isolates examined to date, the hemolysin-bacteriocin trait has been associated with a conjugative plasmid which transfers in broth matings at a frequency of i0-0 to 10-1 within a few hours (3) . This plasmid confers a mating response to small peptide sex pheromones excreted by potential recipient cells (9, 10) . This mating signal induces the synthesis of a proteinaceous adhesin which coats the donor cell surface (25) . The adhesin is referred to as aggregation substance and is believed to facilitate the formation of mating aggregates upon random collision between the nonmotile donors and recipients. Once a copy of plasmid DNA has been acquired by the recipient, the production of the related pheromone ceases; however, pheromones specific for donors harboring different classes of plasmids continue to be excreted (4, 6, 10, 16) . Donor cells induced by exposure to culture filtrates of recipients undergo self-clumping; for this reason, the sex pheromone has been referred to as clumping-inducing agent. Aggregation substance is presumed to adhere to a binding substance which is located on the surface of both donor and recipient cells (4a Mating procedures. Broth matings were performed as previously described (11, 18) with a donor/recipient ratio of 1:10. Overnight cultures of 0.05 ml of donor and 0.5 ml of recipient were added to 4.5 ml of fresh broth, and the mixtures were incubated at 370C with gentle agitation for 4 h and then vortexed. Portions of the mixed culture were then plated on solid media with appropriate selective antibiotics. Colonies were counted after 48 h of incubation at 370C. Filter matings were carried out as described previously (13) with Todd-Hewitt agar plates containing 4% human blood and with an initial ratio of 1 donor per 10 recipients. For the transfer of hemolysin properties, the mating mixtures were diluted 10-1, 10-2, and 1O-4 times with fresh N2GT broth. A 0.1-ml sample of each dilution was plated on selective Todd-Hewitt agar plates containing 4% human blood and an appropriate drug for counterselection of the donor strain. After overnight incubation of the plates at 37°C, the colonies of recipients producing a hemolytic zone were counted as hemolytic transconjugants.
Clumping assay. Detection of aggregation (clumping) was as previously described (9, 10) . Pheromone corresponded to a culture filtrate of the plasmid-free strain JH2-2. Generally, 0.5 ml of culture filtrate from late logarithmically growing cells was mixed with 0.5 ml of fresh N2GT broth and 20 ,ul of overnight cultured cells to be tested for ability to respond. The mixtures were cultured for 4 Table 1 . About half of the clinical isolates examined were isolated from urine. Of the 50 urinary tract isolates, 25 (50%) were isolated from specimens representing pure cultures of E. faecalis. Among 25 samples containing mixed cultures, 11 contained Pseudomonas aeruginosa, 4 contained Escherichia coli, and the others contained a variety of other bacterial species.
The frequency of hemolysin production among E. faecalis strains from feces of healthy students was low (4 of 23, or 17%) compared with that of the clinical isolates. In the experiments noted below, hemolysin production on human blood agar was observed.
Apparent pheromone response by clinical isolates. To determine if strains contained a pheromone-responding plasmid, the clinical isolates obtained in this study were each exposed to a culture filtrate of plasmid-free E. faecalis JH2-2. Most (85%) of the hemolytic strains exhibited a clumping response (Table 2 ). It is noteworthy that about 90% of the hemolytic strains were resistant to one or more drugs, whereas this was true for only about 54% of nonhemolytic strains.
Transferability of hemolysin production. To determine the transferability of the hemolytic trait, mating experiments were performed in broth. Of the 58 hemolytic strains, 32 (55%) were able to donate the determinant for hemolysin production (Table 3) . (Of those 32 strains, 15 were the strains that produced gelatinase and were unable to lyse horse erythrocytes.) All of these strains aggregated upon exposure to pheromone, and in most cases, transconjugants arose at about 10-3 per donor. Transconjugants acquiring only the hemolytic property were found in all the matings except one; the hemolytic trait in these derivatives could be transferred to another recipient (i.e., from FA2-2 to JH2SS) at a frequency of 10-3 to 10-1 per donor (data not shown).
Resistance traits were frequently transferred (unselected) with the hemolysin trait (Table 3) . To determine linkage between the hemolytic property and the drug resistance of those transconjugants, one strain was selected in each case from the transconjugants which expressed the representative phenotype (the strains are indicated a to g in Table 3 ); the second mating experiments were performed in broth (Table  4) . When the mating mixtures were plated on nonselective media, transconjugants expressing only the hemolytic trait were found in all the matings except that involving strain b. When selected on drug plates, transconjugants expressing drug resistance without the hemolytic property were found (Table 4) . With strain b, the erythromycin resistance determinant was more frequently transferred than was the hemolytic determinant, suggesting that a nontransferable hemolysin plasmid was mobilized by a transferable erythromycin resistance plasmid. In none of the matings was there evidence for linkage between the hemolytic property and drug resistance.
Of the 26 strains that did not transfer the hemolysin trait in broth, 17 exhibited induced clumping upon exposure to the JH2-2 culture filtrate. The hemolysin determinant in these strains may exist on a nontransferable plasmid or on the chromosome; it is possible that the clumping responses are due to coresident plasmids. Some plasmids that do not transfer in broth mating transfer by filter mating on a solid surface (3). To determine if transfer of the hemolytic trait would occur on a solid surface, filter mating experiments were performed. Only one strain was able to donate the hemolytic determinant, at a frequency of about 10-5 per donor (data not shown). 
DISCUSSION
Although the isolates of our study came from only two hospitals, it is likely that they represent typical E. faecalis strains found in human infections in Japan. This supposition is supported by general observations of pathogenic microorganisms in Gunma prefecture (T. Tanaka, personal communication) and among clinical isolates from Yoikuin Hospital in Tokyo (K. Shimada, personal communication). In these studies, the specimens in which E. faecalis were distributed were almost the same as those presented here.
Most streptococcal group D parenteral infections have been found to involve E. faecalis, and more than half were hemolytic as defined by their appearance on human blood agar. Facklam (12) has reported that most parenteral group D infections analyzed at the Centers for Disease Control in Atlanta, Ga., were caused by E. faecalis, but a lower percentage (11%) of these strains were hemolytic. It should be noted, however, that in that study, hemolysin was determined on rabbit blood agar.
The situation with fecal specimens from healthy individuals is different from that with patients with parenteral infections; a much lower percentage (17%) of E. faecalis strains were hemolytic. (E. faecium was found to be a more common group D inhabitant of the gut of healthy adults, an observation also noted by Unsworth [24] .) A similar contrast in hemolysin expression between fecal and parenteral strains has been reported for Escherichia coli (7, 8, 20) . Most hemolytic E. faecalis strains exhibited a clumping response when exposed to a culture filtrate of the plasmid-free strain JH2-2, and in over half of the isolates, the hemolysin trait could be transferred conjugatively in broth. The data are consistent with a previous report (9) showing that hemolytic clinical isolates from patients in Ann Arbor, Mich., were significantly more likely to exhibit a clumping response than were nonhemolytic strains. Most of our isolates were resistant to one or more antibiotics, and in many cases, resistance traits were transferred (unselected) with the hemolysin trait. However, direct linkage between the hemolysin determinant and resistance determinants was not evident.
Hemolysin determinants in E. faecalis usually exist on plasmids (3), and comparison of several determinants showed strong homology (19) . The hemolysin plasmids pAD1, pAM-yl, pJH2, and pOBI all conter a pheromone response, and hybridization studies have found them to be closely related (19) . pADi and pAM-yl are almost identical, and both respond to the peptide pheromone cADi (6, 19) . The conjugative hemolysin plasmid pPD5, which transfers only on a filter membrane, does not appear to confer a pheromone response (25) . In the present study, only one of those hemolytic strains that did not transfer the hemolytic trait in broth transferred it in filter matings. In general, E. faecalis plasmids that require mating on solid surfaces transfer at frequencies on the order of i0-' per donor. It is possible that among the strains found to be unable to transfer the hemolytic trait, even in filter matings, some have the determinant located on the chromosome.
Together with the previous 50% lethal dose data in mice that show a significant contribution of hemolysin to virulence (17) , the epidemiological data presented here suggest that the hemolysin of E. faecalis may play a role in human infections. It appears that, in most cases, the hemolysin determinant can be transferred at relatively high frequencies and is therefore probably plasmid borne. In its natural environment, the bacteriocin activity associated with the hemolysin probably contributes to self-selection. That is, nearby nonhemolytic (i.e., bacteriocin-sensitive) strains may be killed if they do not acquire the plasmid. Finally, the high incidence of multiple drug resistance in hemolytic strains raises the possibility that conjugative hemolysin plasmids might play a significant role in the dissemination (mobilization) of the resistance determinants. VOL. 25, 1987 
